Ionic mechanisms of GABA-induced long-term potentiation in the rat superior colliculus.
GABA-induced excitation and long-term potentiation (LTPG) have been demonstrated recently in the superficial layers of the superior colliculus (SC). In other regions of the nervous system, GABA elicits excitatory responses via ionotropic GABA receptors under certain conditions. This excitation is proposed to be due to either a high neuronal chloride concentration favouring a depolarising chloride efflux, or to a bicarbonate efflux coupled to a chloride influx. The aim of this study was to characterise the mechanisms underlying excitation and prolonged increase in synaptic transmission induced by GABA in the SC. Extracellular field potentials were recorded from 1-month-old rat SC slices, and LTPG of these responses was evoked by application of 3 mM GABA. GABA-induced excitation and LTPG were significantly reduced by lowering the extracellular calcium concentration, but not by a decreased potassium concentration. Replacing the extracellular bicarbonate-buffered perfusion medium with a HEPES-buffered solution had no effect on LTPG but blocking the bicarbonate-generating enzyme carbonic anhydrase both intra- and extracellularly with ethoxyzolamide (50 microM) prevented LTPG. The chloride transport inhibitor bumetanide (50 microM) reduced but did not block LTPG. We therefore suggest that the contribution of the chloride equilibrium to LTPG is only of minor importance. The intracellular bicarbonate pool and related efflux provides the basis for the excitatory action of GABA, leading to a subsequent depolarisation and calcium influx through voltage-dependent calcium channels, thus causing long-lasting changes in synaptic transmission.